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The late E a rly -M id d le  M iocene S tebnyk Form ation is a -6 0 0 -2 0 0 0  m th ick  un it o f the B o rys lav-P oku ttya  and S am b ir nappes, 
w h ich  con ta ins  a m o lasse  success ion  o f the  C arpa th ian  Foredeep inco rpo ra ted  w ith in  the m arg ina l part o f the O u te r E astern 
C arpath ian  accre tiona ry  w edge. In the va lle y  o f the Prut R iver, be tw een D elia tyn and Lanchyn, the S tebnyk F orm ation  o ve r­
lies the a lluv ia l fan d e pos its  o f the  S loboda C ong lom era te  and the de lta ic  d e pos its  o f the  D obro tiv  Fo rm ation  in the  south, 
and the lagoona l sa lty  c lays  o f the V o ro tyshcha  Form ation in the  north . The S tebnyk Form ation is bu ilt o f m a in ly  rose, g reen ­
ish and grey ca lca reou s  m udstones in te rca la ted  w ith  seve ra l va ria b le  san ds ton e  beds, inc lud ing  th ick -bedd ed  packages. 
The occu rrence  o fte tra p o d  foo tp rin ts  and ra indrop  im prin ts , as  w e ll as  the  ove ra ll red-bed ch a ra c te r re flec t p reva iling  co n ti­
nenta l co n d itions  du ring  depos ition  o f the fo rm ation , w h ich  is in te rp re ted  as  sed im en ts  o f a de lta  pla in w ith  d is tr ib u ta ry  ch a n ­
ne ls in filled  w ith  th ick  sandstone  beds and assoc ia ted  w ith  in te rca la tio ns  o f th in n e r beds re ferred to channe l levees and 
crevasse sp lays. The upper pa rt o f the  S tebnyk Form ation con ta ins  m arine m ic ro foss ils  o f the  N N 4 Z o n e , and loca lly  o f the 
NN5 Z one, co rrespo nd in g  to  the  Early B adenian tra nsg ress ion  in the reg ion. On a reg iona l sca le , the  S tebnyk Form ation 
show s a po la rity  o f facies, w ith  a large con tribu tio n  o f con g lom e ra te s  and th ick -bedd ed  san ds ton es  in the  low er part in the 
no rth -w est and fin ing  to the sou th -east, w ith  tra n sp o rt from  the  w es t and no rth -w est. The sed im en ts  accum u la ted  in an e lo n ­
ga ted subs id ing  zone be tw een the  ris ing C arpa th ian  orogen and the fo rebu lge  e leva tion  o f the fo re land , in w arm  and 
sem i-d ry  c lim a tic  con d itions  co rrespond ing  rough ly  to  the M idd le  M iocene C lim a tic  O ptim um . The accu m u la tio n  w as  ba l­
anced by a subs idence  caused by s ink ing  o f the p la tfo rm  s lab  and by sed im en ta ry  load ing.
Key w ords: non-m arine , de lta  p lain , m o lasse , M idd le  M iocene C lim a tic  O ptim um , C arpa th ian  Foredeep, Ukraine.
INTRODUCTION
The Stebnyk Formation (Early-Middle Miocene) is a char­
acteristic lithostratigraphic unit of the Boryslav-Pokuttya and 
Sambir nappes of the Outer Eastern Carpathians in Ukraine. 
According to Tołwiński (1950), the Stebnyk Formation, between 
Przemyśl (Poland) and Kolomyia in Ukraine (ca. 200 km) oc­
curs in a belt up to 20 km wide; it became abruptly narrower to 
the south-east, down to -250 m at the Rybnytsia Valley near 
Kosiv. Its deposits, dominated by variegated marly mudstones 
intercalated with sandstones, with significant contributions of 
conglomerates in the west, typically as red beds, and showing 
evidence of marine influence in its upper part, record a signifi­
cant change in depositional palaeoenvironment during the final 
stage of development of the Inner Carpathian Foredeep. How­
ever, its depositional palaeoenvironment has never been sub­
ject to closer analysis.
The aim of this paper is: 1) to describe facies features of the 
Stebnyk Formation in the valley of the Prut River, between 
Lanchyn and Deliatyn, as well as in the w estern bank of the 
Bystrytsia Nadvirnanska River near Nadvirna (Fig. 1), and 2) to 
interpretthe palaeoenvironmental conditions of this formation in 
the context of the foredeep basin evolution and with reference 
to previous publications on the underlying deposits (Oszczypko 
et al., 2012, 2014). The best exposures, characterized by good 
continuity and covering altogether the whole formation, have 
been selected for these studies. Furthermore, a review of re­
search into the Stebnyk Formations is compiled, because of its 
long and complex history of study and dispersal in the literature.
GEOLOGICAL SETTING
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Along the marginal part of the Ukrainian Carpathians, a 
wide zone of folded Miocene deposits belongs to the Boryslav- 
-Pokuttya and Sambir nappes (Fig. 1B, C). The Boryslav- 
-Pokuttya Nappe, known also as the Marginal Fold Unit or the
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Fig. 1. Lo cation  m aps
A -  position  o f the  s tudy area in the A lp ine -C arpa th ian  system  (a fte r P icha, 1996, m od ified  by O szczypko et al., 2006); B - te c to n ic  m ap o f 
the U kra in ian C a rp a th ia ns  (a fte r S lqczka et al., 2006, s im p lified); C F -  C arpa th ian  Foredeep, C Z -C h o rn o h o ra  Nappe, M A -  M agura Nappe, 
M K -  M arm arosh K lippen Z one, MR -  M a rm arosh M assif, P K -  P ien iny K lippen Belt, RA -  R akhiv Nappe, TC -  T rans-C a rpa th ian  D epres­
sion, W H -  V iho rla t-G u tin  V o lcan ic  M assif; C -  geo log ica l m ap o f D e lia tyn -La nchyn-N adv irn a  area (a fte r M a tsk iv  et al., 2009, s im p lified), 
show ing  loca tion  o f section  D and the s tudy a rea ; D -g e o lo g ic a l ske tch -m a p  a long the Prut R iver show ing  loca tion  o f the  c ro ss -sec tion s  1 -2 , 
3 -4 , and sec tio ns  A -E  (the m ap partly  a fte r B u ja lsk i, 1938)
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Boryslav-Pokuttya Folds, is exposed in a narrow 
(up to 20 km) belt located between the Skyba 
(Skole) and Sambir nappes. This nappe is traced 
from Romania in the SE up to the Polish border in 
the NW. It is built of a complex set of superim­
posed thrust sheets (Koltun et al., 2005). The 
Boryslav-Pokuttya Nappe, composed of flysch 
and molasse deposits, descends beneath the 
frontal Carpathian overthrust of the Sambir 
Nappe, which comprises exclusively molasse de­
posits. Strata of the Boryslav-Pokuttya and 
Sambir nappes represent the deformed part of 
the inner Carpathian Foredeep, which isthrusted 
over the Middle Miocene (Badenian and Sarma- 
tian) autochthonous deposits of the Bilche- 
-Volytsia Zone resting directly on the foreland 
platform basement (Burov et al., 1978; Smirnov 
et al., 2000).
B O R YSLAV-PO KUTTYA NAPPE
This nappe is subdivided into the Deliatyn and 
Runhury Sloboda sub-nappes (Kulchytsky et al.,
1997; Matskiv et al., 2009). The Deliatyn Sub­
-nappe is composed of Cretaceous-Lower Mio­
cene flysch, which is similar to that of the Skyba 
Nappe. The youngest Lower Miocene flysch suc­
cession belongs to the Polanytsia Formation, which 
is overlain by the Vorotyshcha Formation 
(NN3-7NN4 Zone; Andreyeva-Grigorovich et al.,
2008a). The Vorotyshcha Formation, up to 700 m 
thick, composed of grey mudstones-siltstones in­
tercalated with coarse-grained sandstones and 
conglomerates, contains large blocks of impure ha­
lite and anhydrite (Tołwiński, 1950; Gurzhyi, 1969; 
Andreyeva-Grigorovich et al., 2008a). Locally, the 
middle and upper parts of the Vorotyshcha Forma­
tion are replaced by the Sloboda Conglomerate 
and Dobrotiv Formation (Oszczypko et al., 2012,
2014 and references therein; Fig. 2).
The Deliatyn Sub-nappe, overthrusted upon 
the Runhury Sloboda Sub-nappe, is built mainly of 
deposits of the Sloboda Conglomerate (Oszczypko 
et al., 2012), Dobrotiv Formation (Oszczypko et al.,
2014) and the Stebnyk Formation (this paper). Sev­
eral boreholes showed that the Sloboda Conglom­
erate is underlain by the Vorotyshcha Formation, 
which overlies flysch deposits of the upper part of 
the Menilite and Polanytsia formations, represen­
ted mainly by olistoliths, olistostromes, and olisto- 
plaques (Kolodiy et al., 2004).
In the southern limb of the Runhury Sloboda Anticline, the 
Sloboda Conglomerate is underlain by the Menilite Formation 
(Oligocene), and in its northern limb by salt clays of the Voro­
tyshcha Formation (Tołwiński, 1950). The S loboda Conglomer­
ate contains exotic blocks, boulders and cobbles of Upper Pro- 
terozoic-Lower Paleozoic green phyllite, black schist, dolomite, 
Jurassic white limestone and rare, flysch-derived olistoliths and 
olistostromes (Fedushchak, 1962; Oszczypko et al., 2012). The 
thickness of the Sloboda Conglomerate increases from 
450-500 m in the Nadvirna area up to 1400 m at Runhury 
Sloboda. The Sloboda Conglomerate passes into the mud­
stones, siltstones and sandstones of the ?Ottnangian Dobrotiv 
Formation, which is up to 800 m thick. This formation is followed 
by the Stebnyk Formation (Karpatian-Lower Badenian; see
Fig. 2. L ith o stra tig rap h ic  schem e o f th e  B o ryslav-P o kuttya  and S am bir  
nappes in th e  s tudy  area  (based on O szczyp ko  et al., 2014, s u pp lem en ted )
Sd -  S adzhavka S andstone
Andreyeva-Grigorovich et al., 1995, 1997, 2008a, b). On the 
northern limb of the Runhury Sloboda Anticline, at Jabloniv, 
gypsum-bearing beds up to 100 m thick are sandwiched be­
tween the Sloboda and Dobrotiv formations (Tolwinski, 1950).
A fundamentally different stratigraphic scheme of the 
Boryslav-Pokuttya Nappe was proposed by Smirnov (2003). In 
his interpretation, the Boryslav-Pokuttya succession begins 
with the upper part of the Menilite Formation (Eggerian), which 
is followed bythe Polanytsia Formation (Eggenburgian) with the 
Rushor Conglomerate at its base, and is terminated by the 
Vorotyshcha Formation (Ottnangian) with the Truskavets Con­
glomerate at its base. In this interpretation, the Miocene depos­
its of the Sambir Nappe begin with the Sloboda Conglomerate 
(Eggerian), which is followed by the Dobrotiv Formation
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(Eggenburgian/Ottnangian). These deposits pass upwards into 
the undivided Kalush succession, which is up to 2000 m thick 
(Ottnangian-Middle Badenian). Its lower part is composed of 
the Stebnyk facies (rose and variegated, marly mudstones and 
sandstones) followed by grey and “blue deposits” of the Balych 
facies. This succession is terminated by the Kalush salts and 
gypsum deposits.
SAM BIR  NAPPE
The Sambir Nappe, up to 24 km wide and composed of sev­
eral thrust-sheets (Fig. 1), is correlated with the Sub-Carpathian 
Unit in Romania and the Stebnik Unit in SE Poland (Oszczypko 
et at, 2006, 2008). This unit is thrusted over the Badenian- 
-Sarmatian deposits of the outer Carpathian Foredeep (Kolodiy 
et at, 2004). The Sambir Nappe succession is composed 
mainly of a thick succession of the “lower” Miocene molasse of 
the Stebnyk and Balych formations. The lithostratigraphy of its 
basal part is still under discussion. Several authors (Koltun et 
at, 2005; Andreyeva-Grigorovich et at, 2008b and references 
therein) regard the Vorotyshcha Formation as the oldest divi­
sion ofthe Sambir Nappe succession. This opinion is supported 
by data from boreholes, e.g. Hvizd 1 near Nadvirna, and Urych 
6 (NE o fthe  Boryslav), where the Vorotyshcha Formation was 
penetrated (Andreyeva-Grigorovich et at, 1997, 2008a). 
Coarse clastic deposits o fthe  Sloboda Conglomerate and the 
mudstone-sandstone Dobrotiv Formation occur in this unit in a 
residual form. In the Prut Valley, the last large exposures ofthe 
Sloboda Conglomerate and Dobrotiv Formation are present be­
tween the Oslava and the Chorna rivers, which are the 
right-side tributaries ofthe Prut River. An exposure ofthe latest 
formation several tens of metres long is also known from the 
Prut River banks close to the Lanchyn bridge (Figs. 1 and 3A, 
see also Bujalski, 1934; Andreyeva-Grigorovich et at, 2008a; 
Oszczypko et ai , 2012, 2014).
The Dobrotiv Formation is followed by variegated marls, 
mudstones and sandstones of the Stebnyk Formation (Karpa- 
tian—Middle Badenian; Andreyeva-Grigorovich et at, 2008a).
Fig. 3. V iew s  o f exposures  o f th e  S teb nyk Form ation
A  -  exp osu re s  a long the  Prut R iver be tw een D obro tiv  and Lanchyn 
(section  B); v iew  dow n the river; B -  large exposure  a long the  left 
bank o f th e  B ystry ts ia  N adv irnanska R iver at N advirna (section  D); 
inverted  beds in an an tifo rm a l sync line ; m easured  section  E in d i­
ca ted  by a se rie s  o f bars
The overlying Balych Formation passes upwards into the 
Bohorodchany Formation (Andreyeva-Grigorovich etal., 1997). 
In the Kalush area, the Stebnyk and Balych formations are undi­
vided and they pass upwards into the Bohorodchany Forma­
tion, which is composed of 100-250 m thick, grey marly mud­
stones and sandstones. They contain rich Badenian planktonic 
foraminifera and calcareous nannoplankton of the NN5 Zone 
(Andreyeva-Grigorovich and Kulchytsky, 1985; Andreyeva- 
-Grigorovich et at, 2003). In the Kalush area, the undivided 
Stebnyk and Balych formations are followed by salt deposits of 
the Kalush Formation. This formation is contemporaneous with 
the Wieliczka (Poland) and Tyras evaporitic formations (Bilehe- 
-Volytsia Zone, Ukraine) belonging to the NN5/NN6 zones 
(Andreyeva-Grigorovich et at, 2003; Fig. 2).
Near Dobromyl, in the NW part of Sambir Nappe, the youn­
gest deposits belonging to the Kosiv (Upper Badenian) and 
Dashava (Sarmatian) formations have been documented. The 
Dashava succession (Berezhnytsia Formation after Hnylko, 
2014) is terminated by the Radych Conglomerate, which con­
tains flysch clasts. The age of these deposits is dated to the 
NN6-NN9 zones (Andreyeva-Grigorovich et at, 2008a).
PREVIOUS WORK
Paul and Tietze (1877: p. 68) mentioned red clays associated 
with salt clays between Nadvirna and Deliatyn, which have also 
been called “red clays” (Zuber, 1882), “red shales” (Zuber, 1888, 
1915; Cizancourt, 1925; Bruderer, 1926), “shales with lay­
ers/beds of sandstones” (Zuber, 1882, 1883; Świderski, 1925), 
red “septarian beds” and “rose marls” (Jabłoński, 1923), “Mio­
cene red shales” (Jabłoński and Weigner, 1925) or “variegated 
marls” (Bujalski, 1930). Tołwiński (1927) distinguished them as 
the Stebnyk Beds, but he used also the term “rose marls” or “var­
iegated marls” (see also Tołwiński, 1937). Khadykin and Shakin 
(1976) used the name Stebnyk Formation and this name was 
used in the later literature. The Stebnyk Formation was charac­
terized by almost all the Polish and Ukrainian geologists working 
in the study region (e.g., Zuber, 1888, 1915, 1918; Teisseyre, 
1927; Bujalski, 1930, 1934, 1938; Tołwiński, 1950; Vialov, 1951, 
1960, 1965, 1966; Gurzhyi, 1969 and references therein), who 
focused mainly on its stratigraphic position, lithology and 
palaeontological features. In Romania, the Stebnyk Formation 
counterparts are known in the Marginal Fold Unit and the 
Sub-Carpathian Unit as the Hirja and the Magiresti beds, respec­
tively (Micu, 1982). The Stebnyk Formation is distinguished also 
in SE Poland (under the name Stebnik Beds) in the prolongation 
of the Sambir Nappe, which is called here the Stebnik Unit 
(Głowacki et at, 1966; Ney, 1968; Ney et at, 1974; Garecka and 
Olszewska, 1997; Olszewska, 1999 and references therein).
The most detailed descriptions of the Stebnyk Formation 
are given by Teisseyre (1927), Tołwiński (1927, 1950), Bujalski 
(1934), Vialov (1965), Gurzhyi (1969), and Khruschov and 
Kompanets (1988). Vialov (1965) proposed that the transition 
between the Dobrotiv and the Stebnyk formations is gradual 
and the boundary is conventionally proposed at the base ofthe 
first “rose marls”, while the boundary between the Stebnyk For­
mation and the overlying Balych Formation at Sadzhavka in the 
Prut Valley is at the base of a 40 m thick succession composed 
of poorly cemented, massive sandstone beds (up to 5 m thick) 
intercalated with grey, green-grey and rose calcareous mud­
stones, distinguished as the Sadzhavka Sandstone (Berlya- 
vskiy in Vialov, 1951, 1965). Vialov (1965) regarded these 
sandstones as the “northern facies” of the upper part of the 
Stebnyk Formation, and Gurzhyi (1969) as the upper part ofthe
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Stebnyk Formation. Different thicknesses of the formation are 
reported in the literature: 1000-1500 m (Tolwński, 1927), 
600-2000 m (Gurzhyi, 1969), 500-1000 (Hnylko, 2004), up to 
1200 m in SE Poland (Ney et a t, 1974), or 800-1200 m in the 
Boryslav-Pokuttya Nappe and 500-1000 m in the Sambir 
Nappe (Andreyeva-Grigorovich at at, 2011).
In the study area, Cizancourt (1925) distinguished three fa­
cies types in the Stebnyk Formation (his “red shales”):
-  the Strutyn type: brick-coloured or chocolate-red marls, 
rich in mica, with intercalations of grey-greenish sand­
stones and “traces” of gypsum;
-  the Nadvirna type: micaceous, vine-red shales interca­
lated with cross-bedded, micaceous sandstones, which 
are 10-50 cm thick;
-  the Petranka type: 20-100 cm thick beds of sandy, 
micaceous, red-greenish or rose marls, with common 
greenish spots, gypsum crystals, locally with intercala­
tions of cross-bedded sandstones.
Vialov (1965) and Gurzhyi (1969) noticed a lateral facies 
change in the Stebnyk Formation more widely, with a significant 
contribution of conglomerates (Vyrva River facies, according to 
Vialov, 1965) and thick-bedded sandstones in the north-west, 
which became thinner and rarertoward the south-east, and with 
a transition to more clayey facies with more frequent occur­
rences of gypsum, with salt lenses (e.g., the potash salts at 
Kalush), and finally with the salty shale “blue (Lanchyn) facies” 
further in this direction, similar to the salt-bearing Vorotyshcha 
Formation. Zuber (1883) had reported that the red shales are 
partly replaced by grey green shales to the south-east. Vialov 
(1965) and Gurzhyi (1969) considered the Dubnik Conglomer­
ate in the Stebnik Unit in SE Poland as the lowest part of the 
Stebnyk Formation. Conglomerates are known from the lower 
part of the Stebnyk Formation from boreholes south of 
Przemyśl in SW Poland (Głowacki et al., 1966). In the bore­
holes Nyzhankovychi-1 and Chyzhky-1 (both very close to the 
Polish border), a thick conglomerate (255 m and 550-600 m, 
respectively) occurs at the base of the Stebnyk Formation, with 
thinner packages of conglomerates higher in the formation 
(Gurzhyi, 1969, Burov et al., 1976; Khadykin and Shakin, 
1976). The conglomerates contain material both from the plat­
form (mainly phyllites) and from the flysch of the Carpathians. 
The facies changes are related to changes in palaeo- 
morphology (Vialov, 1965). These views must be corrected ac­
cording to newer stratigraphic researches (Andreyeva- 
-Grigorovich et al., 2003, 2008a, 2011), which shows that the 
potash salts at Kalush are distinctly younger (Upper Badenian, 
NN6 Zone) than the Stebnyk Formation. Also, Garlicki (1973) 
did not find any salt deposits in the Stebnyk Formation south of 
Przemyśl in SE Poland. According to Ney (1968) and Ney et ai. 
(1974), the Stebnik Beds (= Stebnyk Formation) in SE Poland 
are up to 1200 m thick; in the lower part (500 m), they com­
posed mostly of sandstones, commonly cross-laminated, with 
many lithic grains, and lenses of conglomerates, intercalated 
with grey, rose of brown mudstones, while the upper part is 
dominated by rose and brown-rose mudstones, with intercala­
tions of sandstone and fine conglomerate.
The most detailed lithological characteristics of the Stebnyk 
Formation were given by Gurzhyi (1969). According to this au­
thor, the Stebnyk Formation mudstones, mostly parallel lami­
nated, contain (mean) 15-20% CaC03, and were deposited in 
a shallow lagoon, with periodic precipitation of gypsum and po­
tassium salt lenses at Kalush, Morschyn, Lanchyn and Utoropy. 
Fine- and medium-grained sandstones contain up to 80-85% 
of quartz, with muscovite and calcite, and rarely pyroclastic 
grains (Gurzhyi, 1969). Moreover, dolomite, gypsum (also in 
veins, see Zuber, 1882, 1888; Cizancourt, 1925), celestine,
barite and glauconite can be present (Koltun in Vialov, 1965). 
Teisseyre (1939) noticed phyllite grains in the sandstones. 
Coarse sandstones contain up to 30-40%  lithic grains, inter­
preted as evidence of short transportation. The cement can 
constitute 10-50% of the rock; it can be calcareous-clayey (up 
to 40^15% CaC03) to noncalcareous clayey (Gurzhyi, 1969).
The Stebnyk Formation contains some intercalations of 
dacite tuffites, the thickness of which oscillate from 10 to 25 cm 
in the Nadvirna section (Gurzhyi, 1969). At Seredniy Maydan 
near Lanchyn these rocks (Bujalski, 1934, 1938) are 8-10 m 
thick (Vialov, 1965). Two beds of dacite tuffite at Krasna, 3.5 km 
NE of Dobrotiv (Kamieński, 1936) reach 20 m and 4 0 ^ ł5  m in 
thickness (Vialov, 1965). The sandstones of the Stebnyk For­
mation (e.g., at Deliatyn, Nadvirna and Lanchyn) are known 
from the presence of copper mineralisation (that at Nadvirna 
was known already to Paul and Tietze, 1877, and to Zuber, 
1882, 1885, 1888, 1915), which may correspond to layers rich 
in plant detritus (Gurzhyi, 1969).
Variegated mudstones in the upper part of the Stebnyk For­
mation contain foraminifers of the Porosonanion insignis Zone 
(Vialov, 1965; Pishvanova, 1969) and other Miocene taxa (Gło­
wacki et al., 1966)which, togetherwith nannoplankton, point to 
the Late Karpatian-Early Badenian (NN4 Zone; Andreyeva- 
-Grigorovich et al., 1997) and locally to the Middle Badenian 
(NN5 Zone), suggesting a diachronous boundary with the over­
lying Balych Formation (Andreyeva-Grigorovich et al., 2008a). 
Lateral transition between these formations had been sug­
gested already by Bujalski (1930) who placed the Balych For­
mation within the upper part of the Stebnyk Formation. Fora­
minifers (see also Głowacki et al., 1966; Luczkowska in Ney,
1968) and nannoplankton of the NN4 Zone have also been 
found in the upper part of the Stebnyk Formation in the Stebnik 
Unit in SE Poland (Garecka and Olszewska, 1997). In the mid­
dle part of the formation, algae (Characea) and ostracods 
(Loxoconcha dromax Liventul) occur; sponge spicules, 
radiolaria or echinoid spines, which can be found in some hori­
zons, are probably redeposited (Vialov, 1965; Głowacki et al., 
1966). In some borehole, Gurzhyi (1969) reported a few centi­
metre-thick limestone intercalations, which contain fragments 
of foraminifers, radiolaria, crinoids, and sponge spicules.
Several authors reported sedimentary structures and other 
sedimentary features in the Stebnyk Formation, which were 
summarized by Vialov (1965), Gurzhyi (1969) and Khrushchov 
and Kompanets (1988). They include cross-bedding (noticed 
already by Cizancourt, 1925), the lenticular character of some 
sandstone beds (1.5-2.0 m long, 15-20 cm thick; Vialov, 1965), 
amalgamation of beds, the presence of ripple marks, mud­
cracks, raindrop imprints, sand dykes and concretions (small 
calcareous concretions of septarian type -  see Tołwiński, 1927; 
calcareous concretions up to 0.5 m across -  see Gurzhyi,
1969). Khrushchov and Kompanets (1988) distinguished four 
different facies referred to the Stebnyk Formation and referred 
them to different deltaic and marine environments.
The Stebnyk Formation is known from vertebrate trace fos­
sils summarized in Vialov (1966 and references therein) and 
Kulchytsky and Kulchytsky (1980). Hizhniakov (1954) recog­
nized two artiodactyl mammal footprints ascribed to the 
Ovinae and Susidae at Nadvirna. Vialov (1966) determined 
one of them as Pecoripeda (Ovipeda) djali Vialov. Vialov 
(1965) noticed footprints and trackways of artiodactyl mam­
mals and footprints of large birds in the lower part of the 
Stebnyk Formation in the Prut Valley section, and in the under­
lying Dobrotiv Formation. Vialov (1965, 1966) also reported 
Skolithos, interpreted as a shallow marine trace (Vialov, 
1965). Among bird footprints, Vialov (1960, 1966) determined 
Avipeda phoenix Vialov, Avipeda sirin Vialov (both also in
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Kulchytsky and Kulchytsky, 1980), and Avipeda filiportatis 
Vialov. Mammal footprints include Pecoripeda (Ovipeda) djali 
Vialov, Pecoripeda sp. 1 (Vialov, 1966), forms similar to 
Bestiopeda sanguinoienia Vialov, Pecoripeda (Gazellipeda) 
gazella Vialov (Kulchytsky and Kulchytsky, 1980). The latest 
cited authors described also a fragment of jaw of a mammal 
belonging to the Bovidae and determined it as Hippidea parva 
Kulchytsky. Also a fragment of jaw  of Hypsodontus (Bovidae) 
was found in the lower part of the Stebnyk Formation at 
Yabloniv (Kulchitsky and Smirnov, 1996).
The litho- and biostratigraphy of the Stebnyk Formation in 
the Prut Valley (Dobrotiv, Lanchyn) has been studied by Andre- 
yeva-Grigorovich et al. (2008a, b, 2011), who recognized cal­
careous nannoplankton zone NN4 (Karpatian) in the Boryslav 
succession and NN4 (Karpatian) and NN5 (Early Badenian) 
zones in the Dobrotiv section (Sambir succession), in the lower 
and upper parts of the formation, respectively (Fig. 2). These 
authors reported intercalations of thick-bedded sandstones 
(1.5-2.0 m) with large-scale trough cross-bedding in the lower 
part of the Stebnyk Formation, which shows palaeotransport 
from the WNW (290-300°). Andreyeva-Grigorovich et al. 
(2011), based on calcareous nannoplankton and pelagic fora­
minifers, introduced a new Neogene stratigraphic scheme for 
the Ukrainian Carpathians and its foredeep. In this interpreta­
tion, the boundaries of almost all formations were recognized 
as diachronous. This interpretation was followed by Kulyanda 
and Hnylko (2012) who studied foraminifers from the Boryslav- 
-Pokuttya and Sambir successions near Dobromyl, close to the 
Ukrainian/Polish boundary. In their opinion, the youngest part of 
the Vorotyshcha Formation belongs to the Karpatian, while the 
boundaries between the Vorotyshcha and Stebnyk formations 
are diachronous.
Tołwiński (1950) reported salt diapirs crossing the Stebnyk 
Formation, accompanied by salt brine springs, e.g. at Lanchyn. 
Between Dobrotiv and Lanchyn (see also Zuber, 1888; Tołwiń­
ski, 1927; Bujalski, 1938), Świderski (1925) noticed that the 
“salt clays” come out from under “red shales and sandstones”. 
According to Tołwiński (1950), some salt brine springs in the 
area may also point to a shallow occurrence of salt clays of the 
Vorotyshcha Formation. Hnylko (2001, 2012, 2014; see also 
Vashchenko and Hnylko, 2003) distinguished the Lanchyn 
Olistostrome surrounded by the Stebnyk Formation. According 
to this author, the Middle Miocene Lanchyn Olistostrome be­
longs to the Balych Formation, developed at the front of the 
Boryslav-Pokuttya Nappe. Earlier, from the same locality (a 
section close to the cable bridge at Dobrotiv), the salt-bearing 
deposits have been described as the Vorotyshcha Olistostrome 
included in the upper part of the Stebnyk Formation (Andre­
yeva-Grigorovich et al., 2008a).
SECTIONS STUDIED
The studied sections A-C , E of the Stebnyk Formation are 
located in the Prut Valley (Fig. 1D), between the villages of 
Dobrotiv and Lanchyn, where almost continuous exposures 
are present over a distance of several kilometres along the 
river banks (Fig. 3A). T hese exposures display folded Mio­
cene deposits of the Boryslav-Pokuttya and Sambir nappes 
(see Oszczypko et al., 2012, 2014). However, the boundary 
between the Boryslav-Pokuttya and Sambir nappes is unclear, 
because it is marked inside of the Stebnyk Formation in the 
northern limb of the Runhury Sloboda Anticline, ca. 1 km be­
low inflow of the Oslava River (Fig. 1C; see geological maps by 
Jankowski et al., 2007; Matskiv et al., 2009; Hnylko, 2012) 
without any clear evidence. Additionally, the Stebnyk Forma­
tion was studied in the Nadvirna area in the section D 
(Boryslav-Pokuttya Nappe; Fig. 3B). According to Hnylko 





Fig. 4 . G eo lo g ica l c ro s s -se c tio n  1 -2  a lo ng th e  Prut R iver be tw een  D ob ro tiv  and Lanch yn , and g eo lo g ica l c ro s s -se c tio n  3 -4  
th ro u g h  th e  S teb n yk  Fo rm ation  c lo se to  th e  cab le  brid ge on th e  P ru t R iver near D ob ro tiv
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Fig. 5. S ed im en ta ry  log o f th e  lo w er part o f th e  S teb nyk Fo rm ation  alo ng  th e  P ru t R iver (section  A)
and a de ta iled  sectio n  o f its up p er part
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Fig. 6. S ed im en tary  logs o f th e  S teb nyk Form ation  in sectio n s  B -E
VoF -  V oro tyshcha  Form ation , SICg -  S loboda C ong lom era te , DoF -  D obro tiv  Fo rm ation; 
for o th e r e xp la na tio ns  see F igure 5
the Boryslav-Pokuttya and Sambir nappes. In the Prut River 
valley, the Stebnyk Formation fills the Dobrotiv Syncline, 
which is about 3 km across, located between the Runhur 
Sloboda Anticline of the Boryslav-Pokuttya Nappe to the south 
and the Lanchyn Anticline of the Sambir Nappe to the north.
This syncline is clearly asymmetrical and secondarily folded 
(Fig. 4). On the northern limb of the anticline, the Stebnyk For­
mation crops out in a ca. 900 m wide belt (section A). Sedi­
mentary logs of the sections are shown in Figures 5 and 6, and 
their facies features in Figures 7 - 10.
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Fig. 7. F acies  o f th e  S teb n yk  Form ation
A  -  am a lgam ated  th ic k  sandstone  beds (channe l fac ie s ) in te rca la ted  w ith  pa ckages  o f th in  san ds ton e  beds and m udstones 
(levee and c revasse  sp lay  fac ies), section  A, the  m easurem en t s tick  is 1 m long; B -  a package o f th in  sandstone  beds and in te r­
ca la ted  m udstones (levee and c revasse  sp lay  fac ies) be tw een th ick  sandstone  beds (channe l fac ies), inverted  position, 
hum m ocky surface  o f the  bed in the  m idd le  (h), section  A; C -  la rge -sca le  c ro ss-bed d ing  in a th ic k  san ds ton e  bed (channe l fa ­
c ies), inverted  position , sec tion  D; D -  pa ra lle l-la m ina te d  th ick  sandstone  bed, section  C; E -  p inch ing  out, th ick, c ross-bedded  
san ds ton e  above va rie ga te d  m udstones and s ilts tones, sec tion  E; F - th in -b e d d e d  san ds ton es  (levee and c revasse  fac ies) in te r­
ca la ted  w ith  red, g rey and da rk  g rey m udstones, section  E
SEC TIO N A
This section begins at the sedimentary boundary between 
the Dobrotiv and Stebnyk formations (N48°32’26.4"; E24°43'
09.4") (Oszczypko et at, 2014 fig. 4) and ends on the southern 
boundary fault of the “Lanchyn Olistostrome” beneath the cable
bridge at Dobrotiv (N48°32’38.6” ; E24°43’51.6” ). In the lower 
part of this formation (Fig. 4), at a distance of -500 m, beds dip 
to NE under an angle o f -45°, while in the upper part, at a dis­
tance of -400 m, the beds are rotated to the sub-vertical posi­
tion and dip to the NW in an overturned position. The hinge of a 
narrow syncline is located close to the cable bridge at Dobrotiv
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Fig. 8. S o m e fac ies  fea tu res  o f the S teb nyk Form ation
A  -  c ross-ripp led  lam ina tion  in a sandstone  bed, w ith  mud in trac las ts  in the  low er part, sec tion  E; B -  am a lgam ated , c ro ss -b e d ­
ded sandstone , inverted position, section  A; C -  cave rns  a fte r m udstone in trac las ts  in a th ick  sandstone  beds, section  A; D -  th in 
beds o f sandstone  and s ilts tone  (levee and c revasse  sp lay  fac ies) above da rk  g rey m udstones (o rgan ic-rich  de lta  p la in  facies), 
sec tion  E, E -  r ipp le -m arks  on the surface  o f a sandstone  bed, sec tion  E; F -  red and green ish  ca lca reou s  m udstone and 
s ilts ton es  (de lta  pla in fac ies), sec tion  E
(Figs. 1D and 3). Section A and other sections can be subdi­
vided into units characterized by the same lithological features.
The section (Fig. 5) begins with red-dominated and dark 
grey mudstones, partly w ith shale partings (Unit A, 40 m thick), 
with a few intercalations of medium- to thick-bedded, cross­
-laminated sandstone, locally containing the trace fossil 
Skolithos isp. The inclination of the cross-laminae points to 
palaeotransport from 260-270°. Higher up, -180 m thick red 
and grey shales prevail (Unit B), with rare intercalations of 
thin-to medium-bedded sandstone. The next interval, 160 m 
thick (Unit C), beginning with a 1.5 m thick bed of parallel and
cross-laminated sandstone (palaeotransport from 270°), is 
composed of thick packages (up to 25 m thick) of red and grey 
calcareous mudstones and shales intercalated with five, 
1.2-2.0 m thick sandstone beds, which display large-scale 
cross- and parallel-bedding (palaeotransport from 270-310°). 
Above, a -90  m thick succession (Unit D) begins with red and 
grey mudstones and shales followed by a 3 m thick bed of me­
dium-grained sandstone with parallel and cross-bedding. The 
latest Unit E (160 m thick) begins with a 5 m thick bed of amal­
gamated sandstones, intercalated with packages of thin sand­
stone beds and mudstones (Fig. 7A, B). At the top of the sand­
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Fig. 9. S om e sed im entary , d iag en etic  and b iogen ic  fea tu res  o f th e  S teb n yk  Form ation
A  -  spo tty  root s tru c tu re s  (r) in red and green ish  ca lca reou s  m udstone and s ilts ton es  (delta pla in fac ies), sec tion  E; B -  ca lca re ­
ous con c re tion s  (c) in in te rca la tio ns  o f ca lca reou s  m udstones, s ilts to n e s  and th in -bed ded  sandstones, section  E; C - fe r ru g in o u s  
rings  a round root s tru c tu re s  in a m uddy sandstone, section  C; D - c a s ts  o f m udcracks  and ra indrop  im prin ts , sec tion  C; E -  low er 
bedd ing  surface  cove red  by flu te  casts  c rossed  by m udcracks, sec tion  D; F -  parting sandstone  surface  cro ss-cu t by the trace 
foss il S ko lithos  isp., section  C
stone, we found a level with muddy clasts and mammal foot­
prints. This bed is followed by a succession of red and grey 
mudstones and shales, with amalgamated, cross-bedded 
sandstones, in an inverted position (Fig. 8B) and with cavities 
after mudstone intraclasts in thick sandstone beds (Fig. 8C). 
The uppermost part of the section A, has been measured “bed 
by bed” (located between N48°32’ 31.5” ; E24°43’40.5” and 
N48°32'33.6"; E24°43'46.2” ) and is shown in Figure 5. The to­
tal thickness of the Stebnyk Formation section A is -640 m.
SEC TIO N  B
Section B (Figs. 1D and 6) is located between two reverse 
faults; the northern boundary fault of the “Lanchyn Olisto- 
strome" (N48°32'38.6” ; E24°43'51.6” ) and the other reverse 
fault (N48°32’54"; E24°44’26.9” ; Fig. 1D) w hich separates the 
west-dipping beds (in overturned position) of the Stebnyk For­
mation from the east-dipping (normal position) beds of this for­
mation in section C (Fig. 4). Beds of the Stebnyk Formation in
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Fig. 10. S om e d iag en etic  and b iogen ic  fea tu res  o f th e  S teb nyk Form ation
A  -  pseudom orphs  a fte r ?gypsum  c rys ta ls  on a sandstone  bed surface, section  E; B -  pseudom orphs  a fte r ?gypsum  crys ta ls  
(m ain ly  upper le ft s ide ) and m ic ro b ia lly  induced s tru c tu re s  (m ) on a sandstone  bed surface , sec tion  B; C -  pseudom orphs  a fte r 
?gypsum  c rys ta ls  on a san ds ton e  bed surface , sec tion  B; D -  a ve in  o f ho ney-co lou red  gypsum  (g) in a san ds ton e  and s ilts tone, 
section  C
section B dip steeply (45-50°) to the west, in an overturned 
position. The total thickness of the section is up to 500 m.
The first 100 m thick portion of the section (lower Unit A; 
Fig. 6), is dominated by red mudstones and shales with crys­
tals of gypsum and salt on parting surfaces (Fig. 10B, C). The 
mudstones are intercalated with three medium beds of 
fine-grained sandstone at the base and one thick bed of 
muscovitic sandstone at the top of Unit A. This unit contains 
also two disturbed beds, up to 10 m thick, with blocks of sand­
stone (Fig. 11C) and gypsum in fissures. The next 40 m thick 
portion (Unit B) is composed of dark grey mudstones. The 
mudstones are intercalated with two beds (up to 0.5 thick 
each) of fine- to medium-grained sandstone. The upper 10 m 
thick part of this portion is composed of laminated mudstone 
with intercalations of four, medium-bedded, parallel-laminated 
and amalgamated sandstone beds (Fig. 7D). This unit is fol­
lowed by 85 m of red shales (Unit C) with two beds of amal­
gamated, fine-grained, thick-bedded sandstone, with fissures 
filled with pink and honey-coloured gypsum (Fig. 10D). The 
next portion (Unit D) is 20 m thick and composed of dark grey 
mudflow deposits with gypsum. The higher Unit E (120 m 
thick) is composed of red mudstones with thin intercalations of 
fine-grained sandstone with dispersed salt and gypsum crys­
tals. The section B is terminated by ~ca.130 m thick succes­
sion (Unit F) of red and dark grey mudstone with mudcracks
and rain prints (Fig. 9D) fo llowed by two thick-bedded 
(-50  cm) sandstones. The total thickness of the section B at­
tains 500 m.
SEC TIO N  C
Section C is followed along the river for 1.2 km. It begins 
from the footbridge across the Prut River at Lanchyn 
(N48°33'01.5"; E24°45'15.5") and it continues up to a reverse 
fault (N48°32'54"; E24°44'26.9” ) separating sections C and B. 
The section, 320 m thick, is built of gently folded beds of the 
Stebnyk Formation in a normal position (Fig. 4). According to 
Oszczypko et al. (2014), this section is located in the southern 
limb of the Lanchyn Anticline, with a transition from the upper­
most part of the Vorotyshcha Formation through the Sloboda 
Conglomerate and the Dobrotiv Formation, strongly reduced 
in thickness, followed by the lower part of the Stebnyk (Fig. 6) 
of the Sambir Nappe.
In this section, the Stebnyk Formation is composed of varie­
gated mudstones, red and dark grey, with a predominance of 
red mudstones. The variegated mudstones are intercalated 
with medium-bedded, cross-laminated sandstones (20-30 cm 
thick), which indicate palaeotransport from the north-west. Spo­
radically, in the upper and lower part of the section, thick beds of
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Fig. 11. S ed im en ta ry  fea tu res  o f the d iap ir  a t Lanchyn
A - g r e y  m udstones w ith  lenses o f gypsum , V oro tyshcha  Form ation; 
B -  de fo rm ed , pa rtly  im brica ted  fra gm e n ts  o f a th ick  san ds ton e  bed, 
S tebnyk Form ation, side o f the  s truc tu re ; C -  an iso la ted  b lock o f 
sandstone  w ith in  de form ed stra ta  o f the S tebnyk Form ation
fine-to medium-grained, parallel- to cross-bedded sandstone 
occur (Fig. 7D). The cross-bedding indicates palaeoflow from 
the north-west. Thinner, muddy sandstone beds show mud­
cracks and raindrop imprints and rarely ferruginous rings 
around root structures (Fig. 9C).
SEC TIO N  D
Deposits of section D are visible in a large exposure over a 
distance of -1300 m in cliffs up to -100 m high along the left 
bank of the Bystrytsia Nadvirnanska River at Nadvirna (Fig. 3B; 
from N48°39’10.7” ; E24°34’49.1” and N48°39’06.0” ; E24°34’ 
21.5” ). Beds dip to the north are overturned (antiformal syn- 
cline, see Vialov, 1965). The exposure probably represents the 
middle part (rich in thick-bedded sandstones) of the Stebnyk 
Formation of the Boryslav-Pokuttya Nappe. The measured part 
of the exposure (ca. 64 m thick) is located in its topographically 
lower part, which was stratigraphically measurable in the upper 
(younger) part of the succession (Fig. 3B).
After rotation of the measured section to the normal position, 
the section begins with amalgamated, very thick-bedded 
(10.2 m) sandstone (N48°39’07.2” ; E24°34’29.2” , 429 m a.s.l.), 
which is overlain by two sandstone beds (1.2 and 0.6 m thick), 
followed by -9  m thick package of red and grey mudstones and 
shales, with a 30 cm thick sandstone bed at the top (Fig. 6). The 
next interval, 10 m thick, is composed of variegated mudstones 
with an intercalation of bright, 17 cm thick tuffite, which is covered 
by a 60 cm thick sandstone bed at the top. Stratigraphically 
above are variegated mudstones, 1.8 m thick, with a 60 cm thick, 
fine- to medium-grained sandstone at the top, followed by the 
next variegated mudstone package, 10.8 m thick, overlain by a 
40 cm thick sandstone bed. Higher up, a 10 m thick portion of the 
section is composed of red-brick and grey-greenish mudstones 
with intercalations of thin-bedded sandstone (1-2 cm thick; Fig. 
9E). Above, -5  m of variegated mudstones with three tuffite lay­
ers, respectively 3.5 cm, 9 cm (both rose in colour), and 11 cm 
(grey-greenish) thick are present (N48°39’06.9” ; E24°34’26.0” ). 
This tuffite-bearing part is overlain by an amalgamated sand­
stone bed, which is -5  m thick (N48°39’07.0” ; E24°34’34.0” ). 
The measured part of the section is terminated by a 40 cm thick, 
cross-bedded sandstone bed with a wavy top. Another 5 m thick 
sandstone bed occurs in the northern part of the exposure 
(N48°39'08.5"; E24°34'38.0").
SEC TIO N  E
Section E is located in the southern limb of the Runhury 
Sloboda Anticline (Boryslav-Pokuttya Nappe; Fig. 1D), along 
the Prut River, near Zariche (GPS coordinates: from 
N48°32.074"; E24°40.030" to N48°32.004"; E24°39.256"). 
This section is representative of the transition from the upper­
most part of the Dobrotiv Formation to the Stebnyk Formation 
(Fig. 6; see also Oszczypko et al., 2014).
Section E begins with a -4 2  m thick unit of grey siltstones 
and mudstones with sporadic intercalations of thin bedded 
sandstone (Figs. 6 and 8A). The top of this unit displays grey 
siltstones with calcareous concretions and thin-bedded sand­
stones with mud cracks, raindrop imprints, root structures (Fig. 
9A) and concretions (Fig. 9B). The next interval, -5 0  m thick, 
is dominated by grey, dark grey and reddish mudstones with 
very rare intercalations of thin-bedded sandstone (Figs. 7E, F
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and 8D), some with ripple marks (Fig, 8E). Above, grey, dark 
grey and red mudstones, -30  m thick, are exposed. The last 
interval (-30  m thick) displays grey and reddish mudstones 
with thick-bedded sandstones at the top, The Stebnyk Forma­
tion is at least 170 m thick in section E
LITHOFACIES
The Stebnyk Formation displays characteristic lithofacies, 
which are characterized by a certain set of sedimentary fea­
tures (Figs. 5-10). They allow interpretation of their respective 
depositional palaeoenvironments.
Thick-, medium -to thin-bedded sandstones (Figs. 7A, 
C -E  and 8B). The sandstones are fine- to coarse-grained. 
Some beds are rich in muddy matrix. The thick beds can dis­
play large-scale cross-bedding or horizontal lamination. 
Cross-laminated sets can be separated by amalgamation sur­
faces. in thinner beds, ripple-lamination is common. Some 
beds are rich in mud intraclasts (Fig. 8C). This facies form 
packages, which start with the thickest sandstone bed. Above, 
thinner sandstone beds intercalated with mudstones and 
siltstones, usually rose in colour, are present. The packages 
are from 0.5 to 5 m thick. Many beds of all thicknesses change 
their thickness and pinch out. The thinner beds can display 
mudcracks. Surfaces of some beds display variable pseudo- 
morphs after gypsum crystals (Fig. 10A-C). Many fissures 
crossing sandstone beds and mudstones in all facies are filled 
with gypsum (Fig. 10D).
Thin-and medium-bedded sandstones (Figs. 7B, F and 
8A, D, F). The sandstones are fine- to medium-grained, rip­
ple-laminated, rarely horizontally or sub-horizontally lami­
nated, usually with sharp bases and gradational tops, centi­
metre-to decimetre-thick. Rarely, flute casts can be observed 
at their base, showing unidirectional, erosional flow (Fig. 9E). 
The sandstone beds are tabular or pinch out on the scale of 
exposures (up to a few, or a few tens of metres); some may 
display hummocky tops (Fig. 7B). Some of the beds display 
mudcracks (Fig. 9D, E), raindrop imprints and imprint casts 
(Fig. 9D), mud intraclasts, ripple-marks (Fig. 8E). Locally, root 
structures can be marked by ferruginized haloes (Fig. 9C). 
This facies corresponds to the Nadvirna type distinguished by 
Cizancourt (1925).
Variegated mudstones and siltstones (Figs. 8F and 9A, 
B). Bedded, rose, reddish, greenish or light grey variegated 
marly mudstones are the most eye-catching, dominant and 
basic lithology, present through the whole section of the 
Stebnyk Formation. Intercalations of siltstone showing the 
same colours and other features are less common. Most of the 
mudstone is rose, with gradual transition to other colours. Lo­
cally, diffuse enclaves of some colours form spots against a 
background of other colours. Some of these can be inter­
preted as root structures (Fig. 9A). At some horizons calcare­
ous concretions are present (Fig. 9B). The rose mudstones 
can form about 10 m thick packages intercalated with pack­
ages a few metres thick of light grey or greenish mudstones 
(e.g., lower part of section A). Centimetre- to decimetre-thick 
bedding is locally easily visible, locally marked by subtle 
changes of grain size. Pinching out of siltstone beds is locally 
present. In some beds, horizontal lamination is easily visible, 
but in others the mudstones seem to massive. The lamination 
is parallel or subparallel, and locally can be disturbed plastic­
ally or interrupted by bioturbational structures. The content of 
calcium carbonate fluctuates, some mudstones being calcare­
ous locally with transitions to marls. Locally, small crystals of 
gypsum or their pseudomorphs can be observed. This facies 
contains intercalations of variable sandstones or dark grey 
mudstones, which are ascribed to other lithofacies. This facies 
corresponds to the Strutyn type distinguished by Cizancourt 
(1925).
Dark grey mudstones (Figs. 7F and 8D). Dark grey cal­
careous mudstones are rare, though locally present as pack­
ages up to a few metres thick sandwiched between the varie­
gated mudstones and siltstones. They are mostly massive and 
can be intercalated with thin- to medium-grained muddy sand­
stones.
DISCUSSION
TH E “ LAN C HYN O LIS T O S T R O M E ” -  A D IAPIR FOLD 
OR A TE C TO N IC  W IN D O W ?
According to Hnylko et al. (2012, 2014; see also Hnylko, 
2001), the Stebnyk Formation of the Boryslav-Pokuttya Nappe 
(Outer Carpathians) in the Prut River contacts with the Lanchyn 
Olistostrome of the Sambir Nappe (Carpathian Foredeep). In 
this interpretation, the Lanchyn Olistostrome, up to 1 km thick, 
composed of the Stebnyk Formation deposits, is incorporated 
into the Balych Formation (Badenian) of the Sambir Nappe.
Based on our field observations, a re-interpretation of the 
“chaotic” deposits ascribed to the “Lanchyn Olistostrome" be­
tween Lanchyn and Dobrotiv is proposed, as follows:
1. The deposits regarded by Hnylko (2010, 2012, 2014) as 
the “Lanchyn Olistostrome" are located in the Prut River, be­
tween the studied sections A and B of the Stebnyk Formation 
(Figs. 1D and 4). The southern boundary between the “chaotic 
deposits” and section A is located along the left river bank, ca. 
50 m beneath the Dobrotiv cable bridge, where sub-vertical 
SW-dipping, strongly brecciated, dark grey salt clays (Fig. 11 A) 
with gypsum as well as blocks of “Sloboda-type" conglomerate 
and thick-bedded sandstones, associated with rose marly mud­
stones of the Stebnyk Formation, are exposed (Fig. 11B, C). 
Such “chaotic” deposits, 350-400 m thick, can be traced 
downriver for a distance of about 500 m. These deposits also 
contact with the Stebnyk Formation of section B along a reverse 
fault. The same deposits were observed on the right river bank, 
beneath the cable bridge (Fig. 4). In this case, the salt clay brec­
cia ofVorotyshchatype, incorporated into the folded deposits of 
the Stebnyk Formation, reached only 15 m in thickness.
2. The salt clay breccia described was considered previ­
ously as the Vorotyshcha Olistostrome (Andreyeva-Grigorovich 
et al., 2008a). The “Lanchyn Olistostrome” does not occur 
within the Balych Formation, but is overlain by the Stebnyk For­
mation.
3. It is difficult to explain how the Lanchyn olistostrome has 
been developed in such relatively shallow-water or even conti­
nental (alluvial plain; see the next chapter) deposits of the 
Stebnyk Formation environment.
4. For a proper interpretation of the chaotic deposits of the 
“Lanchyn Olistostrome” in the section studied, the following 
points may be considered:
a -  the tripartite division of the Vorotyshcha Formation 
includes the upper and lower salt clays, separated by 
Sloboda-type conglomerates (Vialov, 1965; Gurzhyi, 
1969; Andreyeva-Grigorovich et al., 1997). Such an as­
sociation of salt clays and conglomerates is nothing 
strange;
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b -  in the study area, the distribution of the Sloboda Con­
glomerate and the Dobrotiv Formation is discontinuous 
(e.g., in the Lanchyn section) and the salt clays with gyp­
sum of the Vorotyshcha Formation can occur directly 
under the Stebnyk Formation;
c -  in several sections of the region studied, Toiwihski 
(1950) described vertical, direct, tectonic contacts of salt 
clays (Vorotyshcha Formation) with pink marls of the 
Stebnyk Formation (e.g., in the Runhury Sloboda and 
Jabloniv anticlines); Świderski (1925) concluded that the 
salt clays come out from under the Stebnyk Formation 
(his red shales and sandstones); 
d -  the above-mentioned data clearly suggest that this 
structure could be a salt-clay diapir fold, accompanied 
by salt brine springs, among others at Lanchyn and at 
nearby Vyżhny Maydan and Molodiatyn (Bujalski, 1938; 
Tołwiński, 1950).
5. Summarizing, we find that the “Lanchyn Olistostrome” 
(Figs. 1D, 3 and 4) located nearthe Dobrotiv cable bridge, may 
be a diapir built of the Vorotyshcha Formation, which pierces 
the Stebnyk Formation in the southern limb of the Lanchyn 
Anticline.
6. The tectonic origin of the “Lanchyn Olistostrome” is also 
suggested by its contacts with overturned deposits of the 
Stebnyk Formation in sections A and B. In our opinion, this 
“olistostrome" displays features of a “flower structure” kind com­
posed of tectonically deformed deposits, but it does not display 
any feature of a synsedimentary olistostrome.
7. Another possible explanation is that this is a tectonic win­
dow of the salt deposits of the Stebnyk Formation of the Sambir 
Nappe, nevertheless of a diapir character.
8. We do not question the presence of olistostrome deposits 
outside of the study area.
D E P O S IT IO N A L SYSTEM  A N D  E N V IR O N M E N T
The depositional environment of the Stebnyk Formation re­
mains poorly determined. Tołwiński (1950) regarded that the 
succession of the Dobrotiv and the Stebnyk formations reflects 
deposition in a deepening basin with increasing distance from 
the shore. Vialov (1960) suggested that the environment of the 
Stebnyk Formation was characterized by wide beaches and 
very shallow water, with frequent migrations of the shoreline, 
but Tkachenko (1961) postulated a fully marine environment re­
ferred to a transgression, and partial restriction of the basin dur­
ing sedimentation of the middle part of the formation. Vialov 
(1965) noted that the presence of tetrapod footprints, mud­
cracks and raindrop imprints demonstrates subaerial condi­
tions at some horizons. Głowacki et al. (1966) suggested a la- 
goonal environment for the salt-bearing formations of the re­
gion, and Gurzhyi (1969) proposed the same environment for 
the Stebnyk Formation and stated that its clastic material de­
rived from flat and hilly shores. Vialov et al. (1981) regarded 
conglomerates of the Stebnyk Formation as a marginal facies, 
which transit to sandstone and mudstone facies towards the in­
ner parts of the basin The presence of marine foraminifers and 
calcareous nannoplankton, at least in the upper part of the for­
mation (see previous work) shows marine influence, though the 
common occurrence of tetrapod footprints, mudcracks and 
raindrop imprints, the absence of marine macro- and 
microfossils in most of the deposits, and the overall “red beds” 
character of the Stebnyk Formation challenges the suggestion 
of a prevailing marine environment, including a lagoonal envi­
ronment, for which conglomerates are atypical sediments (e.g.,
Einsele, 2000). Kulchytsky and Kulchytsky (1980) who reported 
tetrapod footprints at levels located 20-30 m, 100-150 m and 
280-340 m above the base of the formation in the Deliatyn 
area, concluded that the deposition of the Dobrotiv and Stebnyk 
formations took place in a changeable shallow-water basin with 
many shoals, barriers and islands, and that the basin was sur­
rounded by an alluvial plain with plants and animals typical of a 
dry savannah. Khrushchov and Kompanets (1988) distin­
guished four facies in the Stebnyk Formation:
-  deltaic facies, which are mostly sandy;
-  near-shore facies -  mostly mudstones and sandstones,
-  shallow-marine facies -  mostly mudstones and sand­
stones;
-  marine deposits -  mostly mudstones and sandstones 
with erosive bases.
Following their descriptions, the first facies was not found in 
the sections studied. The interpretations of facies 2 -4  cannot 
be accepted. The authors cited found raindrop imprints and 
mudcracks in them, and their sedimentary features are different 
from standard nearshore and shallow-marine facies (e.g., 
Einsele, 2000).
Considerations regarding the palaeoenvironment of the de­
posits studied should include the context of the whole Stebnyk 
Formation, which represents a large depositional system in a 
certain geotectonic setting of the Carpathian Foredeep. In the 
Ukrainian Carpathians, the formation occurs in a narrow belt. 
Gągała et al. (2012) estimated the width of the “Stebnyk Basin” 
at about 70 km at the meridian of Przemyśl. Very likely, this 
width reached up to 100 km some tens of kilometres to the east, 
but it is unclear whether the Stebnyk Formation occupied the 
whole width of the basin represented by the Boryslav-Pokuttya 
and the Sambir nappes. The belt of the Stebnyk Formation 
stretches along the Carpathian front from SE Poland to at least 
the Ukrainian-Romanian border, for at least 300 km (Fig. 12). 
Ney (1968) and Ney et al. (1974) postulated deposition of the 
Stebnyk Formation in the gutter-like basin developed in front of 
the overthrusting Carpathian orogen. According to the literature 
(e.g., Vialov, 1965; Gurzhyi, 1969; Ney et al., 1974), the belt of 
Stebnyk Formation is characterized by a distinct polarity of fa­
cies, with a high contribution of conglomerates and thick-bed­
ded sandstones, especially in the lower part of the formation, 
disappearance of conglomerates and fining of the succession 
further to the SE, which is seen very well in the study area. A re­
duction in general thickness of the formation to the SE is also 
possible; it attains 1200 m in SE Poland (Ney et at, 1974), and 
locally 2000 m in the western part of Ukraine (Gurzhyi, 1969), 
and 600 m in section A (this study). The formation was depos­
ited over 1.2 m.y. (Andreyeva-Grigorovich et a l, 2008a). This 
gives a very high accumulation rate of 50-167 cm/Ky. Most of 
the thicker sandstone beds in the study area show erosive 
bases and include intraclasts and cross-bedding. The sand was 
transported by water flowing from the west and north-west as 
shown by inclination of cross-laminae in several beds of the 
sections studied and by the orientation of flute casts in some 
beds. No evidence of wave action or tides was observed. The 
conglomerates of the formation (western part) contain material 
from the foreland (mostly phyllites) and from the Carpathian 
flysch. Coarse-grained sandstones contains many lithic grains 
that indicate short transport (Gurzhyi, 1969).
All these data suggest that the depositional system (or a 
system tract) was transported mostly from the west and north­
west, with clastic material deriving from the rising Carpathian 
orogenic belt and from the foreland forebulge, which confined 
the depositional belt of the Stebnyk Formation from both sides. 
The conglomerates might have been deposited as alluvial fans
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Fig. 12. P a lae o g eo g ra p h ic  schem e o f th e  K a rp a tia n -E a rly  B ad en ian  in th e  s tu d y  region  
(based o n O szczypko  and O szc zyp k o -C lo w es , 2003; O szczyp ko  et al., 2006, 2012, s up p lem ented )
and fan-deltas, as for the older Sloboda Conglomerate in the 
study area (see Oszczypko et al., 2012), or in braided rivers. 
Further to the south-east, as in the study area, the system be­
came more distal with a transition to a delta plain, which was 
cross-cut by river channels. In migrating channels, the thicker 
sandstone beds were deposited. The thinner sandstone beds 
can be related to channel levees and crevasse splays. The ba­
sic facies, i.e. the red mudstones, were deposited on the delta 
plain. Marine ingressions to the delta plain took place as the up­
per part of the formation was deposited (as indicated by Mio­
cene marine microfossils), which is overlain and partly laterally 
replaced by the marine Balych Formation, but no clear sedi­
mentary features of marine sedimentation have been encoun­
tered in the Stebnyk Formation. Vialov (1966) considered that 
the presence of Skolithos is some exposures of the Stebnyk 
Formation is evidence of a marine environment, but this trace 
fossil is known also from fluvial settings (e.g., Buatois and 
Màngano, 2007).
The weak part of this interpretation is the absence of delta 
front deposits, with typical thickening-up packages and large­
-scale cross-bedding with foreset units. These may be fartherto 
the south-east or in the overlying Balych Formation, but no in­
vestigations have been made that could prove or disprove this 
hypothesis. Maybe the sandstone-dominated deltaic facies in 
0.5-16 m thick packages distinguished by Khrushchov and 
Kompanets (1988) indeed represent a delta front facies, but
they were not found in the sections studied. It is also possible 
that delta front deposits were not developed, as in the underly­
ing Dobrotiv Formation interpreted as a mud-dominated 
depositional system (see Oszczypko et al., 2014). This is a fea­
ture of type C shallow-water deltas dominated by fluvial pro­
cesses, where the very shallow water in the water basin does 
not allow development of typical mouth bars; instead, gently in­
clined (a few degrees) beds are deposited (Postma, 1990). 
Such beds are difficult to recognize even if they are traced for 
several tens of metres, as in the scale of most exposures in the 
study area. Also deltaic sediments that accumulated in shallow 
lakes, with very limited accommodation space, do not form typi­
cal thickening-up packages of beds (Tye and Coleman, 1989). 
General fining of the succession up the Stebnyk Formation, 
which is very clear in SE Poland (Ney etal., 1974) and the tran­
sition to the marine Balych Formation show an overall rétrogra­
dation of the depositional system.
That a high rate of accumulation was compensated by 
subsidence had already been noticed by Tołwiński (1950). 
Flexural modelling of the Polish and Ukrainian Carpathian 
orogen (Royden and Burchfiel, 1989; Krzywiec and Jochym, 
1997) suggests that deeper crustal processes and associated 
subsurface loads are responsible for the present-day flexural 
bending of the foreland lithospheric plate (see also Kovâc et 
al 1998; Oszczypko eta 2006 and references therein). Dur­
ing the Ottnangian-Karpatian, the rate of subsidence at the
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front of the Ukrainian Outer Carpathians may have reached at 
least 2000 m/m.y. (Oszczypko, 1998) and it was compensated 
by sediment input, including of those belonging to the Stebnyk 
Formation.
Onset of coarser sedimentation of the lower part of the 
Stebnyk Formation, especially in the north-west of its 
depositional area, may have been caused by a lowering of the 
base level. An about 30 m drop in sea level around the 
Burdigalian-Langhian boundary, before the Middle Miocene Cli­
matic Optimum, has been postulated (Hilgen etal., 2012). How­
ever, some geotectonic processes in the foredeep develop­
ment may have been the dominant factor, such as the intra- 
-Burdigalian folding and uplift of the Outer Carpathians related 
to the north-eastwards translation of the Alcapa and Tisza- 
-Dacia microplates, in response to the roll-back of the 
Carpathian subduction s lab(Zoetemeijeretal., 1999; Ziegleret 
al 2002; Rasseretal., 2008).
PALAEO C LIM ATIC  A S P E C TS
The red bed character of the deposits of the Stebnyk For­
mation, the presence of evaporitic minerals and the common 
mudcracks suggest frequent drying of the sediment surface 
and generally a hot climate favouring evaporation. The depos­
its of zones NN4-NN5 (sedimentation of the Stebnyk Forma­
tion corresponds to the upper part of the NN4 -  lower part of 
the NN5 zones; Fig. 2) show evaporitic facies only in the east­
ern part of the Carpathian Foredeep, not in its western part or 
in the Central Paratethys (see Kovac et al., 2003). Such condi­
tions show a climatic change with respect to the underlying 
Dobrotiv Formation, the deposits of which are generally grey, 
with no mudcracks even in horizons with tetrapod footprints 
(Oszczypko et al., 2014), except for the uppermost part of the 
formation, where Vialov (1965) noted some mudcracks. This 
change corresponds well to the global trend, but with some re­
gional differences. Generally, the interval between 17 and 
15 Ma (16.5-14 Ma -  uppermost Karpatian-Early Badenian -  
sedimentation of the Stebnyk and the Balych formations; see 
Andreyeva-Grigorovich et al., 2008a; Fig. 2) is referred to the 
Middle Miocene Climatic Optimum characterized by global 
warmth, a high content of C 0 2 in the atmosphere, and a signif­
icant decrease in the size of the Antarctic icecap (Foster et al., 
2012). Kroh (2007) studied Miocene echinoids and associated 
echinoderm faunas from the Paratethys in the context of the 
climate. He concluded that the temperature rose from the 
Karpatian to the Early Badenian optimum up to tropical levels 
(sea surface temperatures 16-17°C during winter and up 
28°C during summer) for the Central Paratethys; however, he 
suggested that the Carpathian Foredeep part still remained in 
the temperate climate zone, with the reservation that the fau- 
nal differences between these regions may have been influ­
enced by isolation. Taking in account that the deposits of the 
Stebnyk Formation and coeval strata are not suitable for de­
velopment of such fauna due to continental or hypersaline 
conditions, the increase in the temperature noted probably 
touched also the eastern part of the Carpathian Foredeep and 
influenced sedimentation of the Stebnyk Formation. Lower 
temperatures obtained on the basis of oxygen isotopes from 
bryozoan skeletons, mainly forthe Vienna Basin and the west­
ern part of the Carpathian Foredeep, and related to upwelling 
(Key et al., 2013) may rather reflect local conditions. Continu­
ous Late Paleogene-Neogene aridification of the climate, 
known from the Eurasian interior and from the Northern Hemi­
sphere in general, was related to global cooling and its conse­
quences (Tang and Ding, 2013). However, this trend varied lo­
cally in space and time (Eronen et al., 2012). For instance, co­
eval sections from Bulgaria, located roughly 500 km to 
south-east from the study area, do not show any palaeo- 
botanical evidence of arid climate (Ivanov et a l , 2012) How­
ever, it cannot be excluded that the climate of the eastern part 
of the Carpathian Foredeep, by its location, was more influ­
enced by this aridification than in the other parts of the 
Paratethys.
CONCLUSIONS
The Miocene Stebnyk Formation (Karpatian-Middle Bade­
nian) is a -600-2000 m thick unit of the Boryslav-Pokuttya and 
Sambir nappes. It contains conglomerates and thick-bedded 
sandstones in the lower part in the north-west. In the upper 
part and in the entire section further to the south-east, it is 
dominated by variegated calcareous mudstones and 
siltstones intercalated with sandstones as in the study area in 
the valley of the Prut River, between Deliatyn and Lanchyn. 
These deposits represent mostly a delta plain facies, where 
mudstones were deposited in the interchannel areas, thick 
sandstone beds in the distributary channels and thinner sand­
stone beds in channel levees and crevasse splays. In the up­
per part of the formation, marine ingressions are marked by an 
occurrence of marine microfossils (NN4 and locally NN5 
zones). Sediments of the Stebnyk Formation accumulated at 
rates of 50-167 cm/kyr in a narrow and long (at least 300 km) 
depression between the rising Carpathian orogen and the 
forebulge elevation of the European Platform foreland, in 
warm and semi-dry climatic conditions (-M iddle Miocene Cli­
matic Optimum). The accumulation was compensated by sub­
sidence in the developing Carpathian Foredeep. The so-called 
“Lanchyn olistostrome" is rather a diapir that ascended from 
under the Stebnyk Formation.
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